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(57) ABSTRACT 

A method to insert nuclear fuel pellets into a fuel rod 
cladding tube, having the steps of providing a cladding tube, 
providing at least one nuclear fuel pellet to be incorporated 
into the cladding tube, measuring a length of the at least one 
nuclear fuel pellet With a camera, comparing the length of 
the at least one nuclear fuel pellet to an expected length, and 
incorporating the at least one nuclear fuel pellet into the 
cladding tube When the compared length of the at least one 
nuclear fuel pellet is Within a threshold value of the expected 
length. 
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SEGMENT MAKE-UP SYSTEM AND METHOD 
FOR MANUFACTURING NUCLEAR FUEL RODS 

FIELD OF THE INVENTION 

[0001] The present invention relates to the production of 
fuel rods for light Water reactor nuclear fuel assemblies. 
More speci?cally, the present invention provides a segment 
make-up system and method that is used to incorporate 
nuclear fuel pellets into nuclear fuel rod clad during the 
production of nuclear fuel rods for nuclear fuel assemblies. 

BACKGROUND INFORMATION 

[0002] Production of nuclear fuel is often costly and 
complicated due to the amount of precautionary steps that 
are required to be undertaken during production of the fuel. 
In order to produce a safe nuclear fuel, nuclear fuel rods are 
designed With several different components, each of the 
components having a speci?c technical purpose. The inner 
most component is generally a uranium enriched ceramic 
material that is shaped in the form of a pellet. Individual 
pellets are placed end to end in a column. The pellets are 
then placed inside an elongated rod made of corrosion 
resistant metal called a fuel clad. The nuclear fuel pellets are 
loaded into the fuel clad generally according to several 
technologies. The uranium enriched ceramic material is 
protected from mechanical and chemical Wear by the fuel 
clad during operation of the reactor. When originally fabri 
cated, the nuclear fuel clad is open (unsealed) at the tWo ends 
of the rod. A ?rst loWer end piece can be Welded onto the 
clad. The clad is then ?lled With the nuclear fuel pellets. 
Lastly, an upper end piece is Welded to the remaining open 
end of the fuel clad thereby forming a completed fuel rod. 
As a precaution, springs and/or other devices are also 
included inside the volume encapsulated by the fuel clad to 
alloW the uranium fuel pellets to sWell and shift Within 
prescribed limits in the fuel clad. Each completed fuel rod is 
then stored by the fuel rod manufacturer. A multitude of 
completed fuel rods are then con?gured in a parallel 
arrangement separated by fuel assembly spacers to prevent 
the fuel rods from contacting each other during use to form 
a fuel assembly. 

[0003] The technologies currently used to incorporate the 
nuclear fuel pellets into the fuel clad have several drawbacks 
and are therefore not economically ef?cient. Due to the 
sensitive nature of the components involved, the production 
of nuclear fuel rods requires quality assurance checks to 
ensure that defects do not occur during the production of the 
nuclear fuel rods. To eliminate human error, many systems 
and technologies attempt to use automated systems to elimi 
nate Worker involvement in the process. Although Well 
intentioned, the automated systems must be carefully 
designed such that during fabrication of the fuel rod, no 
loose pieces and/or parts are generated Which Will jam the 
machine and stop production. The creation of these auto 
mated systems is extremely complicated and the systems 
created are prone to error due to the inability of designers to 
accurately predict the failure modes and problems encoun 
tered during production of the fuel rods. 

[0004] In current automated loading systems, nuclear fuel 
pellets are taken from a fuel pellet elevator and transferred 
by a conveyor to a segment make-up table. The pellets are 
loaded and discharged from the fuel pellet elevator With the 
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assistance of a bar code reader Which restricts entry and exit 
of the nuclear fuel pellets from the fuel pellet elevator. The 
fuel pellets are removed from the fuel pellet tray Which 
carries the pellets and placed on a segment make-up table. 
The fuel pellets are placed in a parallel orientation and then 
compacted by a pusher device to form columns of uranium 
containing ceramic material. The pushing device is con 
nected to a linear variable differential transformer Which is 
con?gured to provide an electrical output signal. The signal 
is then read and an overall length of the individual fuel pellet 
column is determined. A computer then compares an overall 
design speci?cation for the fuel rod With the output signal 
obtained from the linear variable differential transformer. If 
the difference betWeen the expected design value of the 
nuclear fuel pellet column length and the measured value 
meets a predetermined threshold value, the fuel rod cladding 
is then loaded With the nuclear pellet column. If the overall 
length of the fuel pellet column is outside of the threshold 
value, the fuel pellets are then rejected from the segment 
make-up table. A top end cap is then Welded the existing 
open side of the fuel rod cladding thereby completing the 
nuclear fuel rod. 

[0005] The automated systems Which only use linear vari 
able dilferential transformers cannot identify damaged fuel 
pellets Which are positioned on the segment make-up table. 
These automated systems merely check for an overall length 
of the nuclear material to be incorporated into the clad and 
do not perform any other quality assurance checks during 
fabrication of the nuclear fuel rod. Thus, if an individual 
nuclear fuel pellet is cracked, the cracked fuel pellets Will be 
loaded into the nuclear fuel rod as long as the overall length 
of the expected nuclear fuel pellet column is Within estab 
lished design parameters. In the case of an irregular shaped 
fuel pellet, as long as the overall length of the fuel pellet 
column is Within expected overall length parameters, the 
cracked fuel pellet Will be incorporated into the nuclear fuel 
rod cladding. If the fuel pellet is of an irregular shape, the 
pellet Will bind on the tightly ?tting clad and therefore jam 
the loading operations. An operator must then remove the 
nuclear fuel pellets from the segment make-up table. The 
loading apparatus must then be reset and a neW fuel tray 
must be provided to the segment make-up table in order for 
production of nuclear fuel rods to continue. The unloading 
of the multiple nuclear fuel pellets from the segment make 
up table While in a jammed condition requires numerous 
manual operations thereby stopping production of nuclear 
fuel rods. This jamming impedes the overall production 
capacity of the segment make-up device and severely limits 
productivity. 

[0006] An additional draWback of other fuel pellet loading 
systems is that these systems require continual ?ne tuning of 
the linear variable differential transformer systems in order 
to accurately measure the lengths of the nuclear fuel pellet 
columns present on the segment make-up table. Large 
numbers of the linear variable differential transformers are 
required for the fuel pellet columns on the segment make-up 
table to provide an accurate measurement of the fuel pellet 
columns present. There is therefore a need to provide a 
system Which Will accurately measure nuclear fuel pellet 
columns present on a segment make-up table. 

[0007] There is also a need to provide an apparatus and 
method Which Will enable an operator to perform additional 
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quality assurance checks of the nuclear fuel pellets during 
the manufacturing process of a nuclear fuel rod. 

[0008] There is a further need to provide an apparatus and 
method Which Will alloW for incorporation of ceramic mate 
rials inside nuclear fuel rod cladding such that the ceramic 
material is not harmed during the process of incorporating 
the ceramic materials into the fuel rod cladding. 

[0009] There is a further need to alloW an operator to 
visually determine Which fuel pellets should be included into 
a de?ned segment of nuclear fuel rod material such that the 
incorporation does not degrade the ceramic materials being 
incorporated into the fuel rod cladding. 

SUMMARY 

[0010] It is therefore an objective of the current invention 
to provide a system Which Will accurately measure nuclear 
fuel pellet columns present on a segment make-up table. 

[0011] It is also an objective of the present invention to 
provide an apparatus and method that Will enable an opera 
tor to perform additional quality assurance checks of the 
nuclear fuel pellets during the manufacturing process. 

[0012] It is also an objective of the present invention to 
alloW an operator to visually determine Which fuel pellets 
should be included into a de?ned segment of nuclear fuel rod 
material such that pellets of improper uranium concentration 
or con?guration are not loaded into to fuel clad. 

[0013] The objectives of the present invention are 
achieved as illustrated and described. The present invention 
provides a method to insert nuclear fuel pellets into a fuel 
rod cladding element, comprising the steps of providing the 
cladding element, providing at least one nuclear fuel pellet 
to be incorporated into the cladding element, measuring a 
length of the at least one nuclear ?lel pellet With a camera, 
comparing the length of the at least one nuclear fuel pellet 
to an expected design length and incorporating the at least 
one nuclear fuel pellet into the cladding element When the 
compared length of the at least one nuclear fuel pellet is 
Within a threshold value of the expected design length. 

[0014] The objectives of the present invention are 
achieved as illustrated and described in a second method. 
The second method provides insertion of nuclear fuel pellets 
into a fuel rod cladding element, the method steps compris 
ing providing the fuel rod cladding element having a bar 
code on an exterior of the cladding element, reading the bar 
code on the cladding element, transporting the cladding 
element to a rod loader input queue, placing the cladding 
element on separator rollers, the separator rollers con?gured 
to separate the clad from each other, lifting the cladding 
element onto a vibration table, restraining the clad With a rod 
holding tool, inserting the cladding element into pellet 
funnels, the pellet funnels con?gured to accept a fuel pellets 
and transport fuel pellets into the clad, providing fuel pellets, 
the fuel pellets stored in pellet vaults, rotating the pellet 
vaults to a position to alloW an operator to manually remove 
a pellet sheet containing the fuel pellets, manually removing 
the pellet sheet from the pellet vault containing the nuclear 
fuel pellets, deploying a segment stop across a segment 
make-up table to receive nuclear fuel pellets, discharging 
nuclear fuel pellets from the pellet sheet onto the segment 
make-up table, the nuclear fuel pellets positioned against the 
segment stop, pushing the pellets on the table against the 
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segment stop, illuminating a laser to visually identify Which 
of the nuclear fuel pellets should be incorporated into the 
cladding element, the laser calibrated to precisely visually 
indicate an expected length of a segment of nuclear fuel 
pellets to be incorporated into the cladding element, manu 
ally removing nuclear fuel pellets not illuminated by the 
laser from the table, measuring a cumulative length of fuel 
pellets in roWs remaining on the table through the use of a 
camera, measuring the cumulative length of the fuel pellets 
in roWs on the table through the use of linear variable 
differential transformers, verifying the cumulative length of 
the fuel pellets to a design speci?cation of the fuel rod to a 
correct length, removing fuel pellets from the table Which 
are not veri?ed to the design speci?cation correct length, 
transferring fuel pellets from the table Which have been 
veri?ed to a vibratory table input queue, and vibratory 
loading the fuel pellets from the table into the fuel rod 
cladding. 
[0015] The objectives of the current invention are also 
accomplished by a device for loading nuclear fuel pellets 
into nuclear fuel clad. The device comprises a fuel pellet 
vault to hold fuel pellet sheets, a segment make-up table to 
hold fuel pellets, a laser positioned to illuminate the segment 
make-up table such that the illumination range of the laser 
corresponds to segment lengths of fuel pellets to be incor 
porated into the nuclear fuel clad, a camera positioned to 
obtain data regarding an overall length of fuel pellets 
positioned on the segment make-up table, a vibratory table 
con?gured to vibrate fuel pellets into a fuel clad, a pellet 
pushing device con?gured to move fuel pellets from the 
segment make-up table to the vibratory table, a computer 
con?gured to receive the data from the camera and compare 
the data to a design speci?cation, the computer further 
con?gured to indicate to an operator the result of the 
comparison, an arrangement to handle fuel clad, the arrange 
ment including a rod loader device to accept fuel clad into 
the arrangement, and a feeding device to feed the fuel clad 
into a position Where the clad can accept fuel pellets from 
the vibratory table and a pellet funnel arrangement to aid in 
the transfer of fuel pellets from the vibratory table into the 
fuel clad. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 illustrates an overall plan vieW of an 
apparatus to load nuclear fuel elements in fuel rod cladding. 

[0017] FIG. 2 illustrates a cross-sectional vieW of a seg 
ment make-up system in conformance With the present 
invention. 

DETAILED DESCRIPTION 

[0018] Referring to FIGS. 1 and 2, a segment make-up 
system 10 is illustrated. A fuel pellet vault generally illus 
trated as element 12 is con?gured to accept nuclear fuel 
pellet, from a manufacturing facility. The pellets are placed 
upon fuel pellet sheets that are individually bar coded. As 
illustrated in the present invention, fuel pellets that have 
approximately the same concentration of ?ssile material are 
stored in the same fuel pellet vault 12. The fuel pellet vault 
12 is in turn placed upon a fuel pellet vault turntable 14. The 
purpose of the fuel pellet vault turntable 14 is to rotate the 
supported fuel pellet vaults 12 such that a particular fuel 
pellet vault 12 is placed before an operator at positionAWho 



US 2006/0146974 A1 

desires to access nuclear fuel pellets that contain a speci?ed 
concentration of ?ssile material. The fuel pellet vault tum 
table 14 is controlled through an attached computer 46 
Which spins the turntable 14 to a position Where an operator 
may access the fuel pellet vault 12 Which has a speci?ed 
concentration. 

[0019] Once the computer 46 issues the order to rotate the 
turntable 14 and the turntable 14 spins, the operator opens a 
door to the fuel pellet vault 12 and removes a nuclear fuel 
pellet sheet Which contains the individual nuclear fuel 
pellets. Generally, the nuclear fuel pellet sheet is con?gured 
to support individual columns of fuel pellets such that the 
fuel pellets remain in place and do not shift during handling 
of the sheet. The operator manually removes this sheet and 
places the sheet upon a segment make-up table 44. A pellet 
pushing device 34 is then activated to unload the pellets 
provided on the fuel pellet sheet to the segment make-up 
table 44. The pellet pushing device 34 may include indi 
vidual spring based elements to contact the columns of fuel 
elements placed upon the fuel element sheet. The pellet 
pushing device 34 may also move pellets placed upon the 
segment make-up table in bulk through the use of a single 
bar across the entire Width of the fuel pellet sheet, the bar 
actuated through a spring mechanism or an pneumatic 
cylinder. The pellet pushing device 34 is con?gured to limit 
the amount of force exerted on the nuclear fuel pellets to 
prevent breakage of these pellets during transfer from the 
fuel pellet sheet to the segment make-up table 44. Although 
described as individual spring element devices, the pellet 
pushing device 34 may be any con?guration to successfully 
o?load nuclear fuel pellets from the fuel pellet sheet onto the 
remainder of the segment make-up 10. The pellet pushing 
device 34 is also con?gured such that When a nuclear fuel 
pellet is placed upon the segment make-up table 44, the 
pellet pushing device 34 sloWly moves the nuclear fuel 
elements to a con?guration Where nuclear fuel pellets are 
aligned in a column form in roWs 52 on the table 44. A laser 
36 is then positioned over the segment make-up table 44 to 
illuminate the table 44 such that a pre-de?ned length of the 
nuclear fuel pellet columns on the table are illuminated. If a 
nuclear fuel pellet is illuminated by the laser 36 provided on 
the segment make-up system 10, then the individual fuel 
pellet should be incorporated into a nuclear fuel rod clad. If 
the laser 36 does not illuminate the individual fuel pellet, 
then the individual fuel pellet should not be included in the 
nuclear fuel element clad. The laser 36 may be located on a 
movable arm so that the laser 36 may be repositioned per the 
requirements of the operator. The laser 36 may also be 
activated by the computer 46 and/or timer to aid in the 
determination of Which fuel pellets should be incorporated 
into the fuel rod. The laser 36 may be an industrial laser 
module Stock No. E-55-346 With poWer supply STK No. 
E55-323 from Edmund Industrial Optics, Barrington N]. 
The laser 36 may be positioned upon a rotary table, such as 
a Daedel rotary table, CAT. No. 20502RTEPH2C2M1 ElT2 
from Olympic Controls Wilsonville, Oreg. The laser may 
also be placed on a linear table CAT No. 
06004CTEPD1L2C4M1E1 from Olympic Controls Wison 
ville, Oreg. A manual operation is then performed such that 
excess fuel pellets positioned on the segment make-up table 
44 are removed and placed back upon the fuel element sheet. 
The fuel element sheet may then be removed from the 
segment make-up table 44 and placed back into the fuel 
pellet vault 12, thus keeping fuel pellets of like concentra 
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tions together. Alternatively, if the fuel pellet sheet is empty, 
the operator may stack the empty sheet in an empty sheet 
stack retaining device. The pellet pusher device 34 may also 
be con?gured to measure an overall length of the fuel pellet 
columns placed upon the segment make-up table 44. The 
pellet pusher device 34 may be actuated through a rodless 
actuator, for example a high speed ball screW model CAT. 
No. R4-B32-l5l8-56-P-BSE With RPS-2 Position Sensor at 
both ends for example. The overall length of the fuel pellet 
columns is measured, for example, through the use of a 
linear variable dilferential transformer connected to the 
pellet pusher device 34 and a stop 50 employed across the 
segment make-up table 44. The stop 50 may be either a ?xed 
horiZontal position or may be movable. After illumination of 
the nuclear fuel pellets by the laser 36, the operator then 
activates a camera system 38 Which is con?gured to measure 
the overall length of the nuclear fuel pellet columns remain 
ing upon the segment make-up table 44 through measuring 
a distance of the overall position of the pellet pusher device 
34. The camera 38 may be any con?guration or design Which 
Will alloW an operator to successfully measure or alloW an 
operator to measure an overall length of the fuel element 
column. A non-limiting example of the camera may be a 
DVT Legend Series Smartsensor 640x480 Monochrome 
Imager With L.E.D. No. PKG-540-MR-D. To aid in the 
analysis of the overall length of the fuel pellet columns, the 
segment make-up table 44 may be con?gured to alloW light 
to pass through the table 44, thereby providing a backlight 
ing situation for the pellets on the table 44 or the pellet 
pushing device may be light from the side for analysis by the 
camera. The segment make-up table 44 also may be con 
?gured With indentations to support the roWs of fuel pellets 
being processed. Portions of the segment make-up table 44, 
such as the supporting part of the table contacting the fuel 
pellets may be placed on a roller carriage, to help transport 
fuel pellets from an entrance point to an exit point olf of the 
supporting part of the table 44. The roller carriage may be, 
for example, a roller carriage CAT. No. 5l2P25Al from 
Thomson Industries, Fort Washington, N.Y. 

[0020] The overall length of the fuel element column is 
measured by the linear variable dilferential transformer 
and\or the camera 38 and is then compared to a design 
speci?cation Which contains an expected length of the 
nuclear fuel pellet column. The comparison of the measured 
length and the expected length from the design speci?cation 
is performed by a computer. If the nuclear fuel pellet column 
is Within established tolerances and thresholds for the 
design, the nuclear fuel pellet column Will then be incorpo 
rated into the nuclear fuel clad. If the comparison betWeen 
the measured length of the nuclear fuel pellet column as 
provided by the linear variable dilferential transformer 
and\or the camera 38 is not Within the threshold tolerance, 
the operator is then noti?ed of the discrepancy for remedial 
action. The noti?cation may be performed through the use of 
a Warning light or computer display. The remedial action 
taken by the operator may include manually removing 
pellets from the individual nonconforming fuel pellet col 
umn in the event that a nuclear fuel pellet column is 
considered to be too lengthy. In the case of a nuclear fuel 
pellet column Which is too short compared to design speci 
?cations, the operator may add nuclear fuel pellets to bring 
the overall length of the nuclear fuel pellet column into 
conformance With the design speci?cation length. In the 
case of a nuclear fuel pellet column passing the overall 



US 2006/0146974 A1 

length test, the fuel pellet column is then transferred to a 
vibratory table 28 for inclusion into the nuclear fuel clad. 

[0021] Individual clad are provided to the segment make 
up system 10 such that nuclear fuel elements may be 
incorporated inside the volume de?ned by the clad. The 
individual clad may be inserted into an upset shape Welder 
(USW) a TIG Welder or a laser Welder and a ?rst end is 
Welded onto the clad. A visual inspection is then carried out 
on the Weld betWeen the clad and the end cap. The visual 
inspection may include standard non-destructive Weld 
examination techniques, including liquid penetrant tests and 
radiography as illustrative examples only. If the visual 
inspection of the Weld is satisfactory, the clad is then moved 
to a rod translation station. Each clad is provided With a bar 
code to identify the individual fuel rod being manufactured. 
The bar code on the clad is read through a reading apparatus, 
such as a bar code scanner 54. The bar code may be placed 
upon the clad to positively establish a position of the clad by 
the placement of the bar code on the exterior portion of the 
clad. The clad is then transported axially to a rod loader 
input queue 56. As illustrated, the rod loader input queue 56 
may store a number of clad units for manufacture. In the 
current illustrative embodiment of the application, tWenty 
?ve clad may be stored in the rod loader input queue. Any 
number of clad units may be stored in the loader input queue 
56. The clad are then transported by an elevator and even 
tually gravity fed doWn into the remainder of the segment 
make-up system 10 Wherein the clad are held in position by 
a clad stop. The clad are then placed on separator rollers that 
transport the clad to a vibratory table input queue 58. The 
clad are lifted onto the vibratory table 28 for incorporation 
of the nuclear fuel pellets into the clad. A rod 
insertion\retraction system 60 then pushes the individual 
clad onto a rod holding tool 62. The rod holding tool 62 is 
con?gured to maintain the clad in position during further 
processing functions. The rod holding tool 62 is positioned 
on an exterior portion of the clad in a non-damaging manner 
to limit overall degradation of the completed fuel rod. Other 
positions and con?gurations of rod holding devices may also 
be used. After insertion of the clad into the rod holding tool 
62, pellet funnels 32 are then selected according to the 
design speci?cation of the nuclear fuel rod being manufac 
tured. The pellet funnels 32 that are selected for use are 
based upon the overall diameter of the fuel elements being 
incorporated into the fuel clad. The pellet funnels 32 are 
made of non-damaging material so that insertion and dele 
tion of the pellet funnels does not degrade the surface of the 
fuel rods. The pellet funnels 32 have the individual clad 
inserted into the funnel 32 for transfer of nuclear fuel pellets. 

[0022] The vibratory table 28 With the nuclear fuel pellets 
is then activated by the operator causing the nuclear fuel 
pellet column to vibrate toWard the fuel pellet funnel 32. 
After entering the funnel 32, the pellets are transported doWn 
the fuel clad and are stacked in an end to end relationship. 
After all of the nuclear fuel pellets are incorporated into the 
fuel clad from the vibratory table 28, the rod holding tool 62 
is then released. After releasing the rod holding tool 62, the 
fuel pellet funnel 32 is removed from the open end of the 
fuel rod clad. The clad is then discharged from the segment 
make-up system 10. After discharging the clad from the 
segment make-up system 10, internal vibration dampers and 
a gaseous atmosphere may be inserted into the clad prior to 
second end Welding by an upset shape Welder. An internal 
depth of the plenum remaining in the nuclear fuel clad may 
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then be checked at a plenum check station 70 Wherein a rod 
is inserted into the ?lled fuel clad. If the insertion of the 
calibrated rod meets expected parameters, the fuel clad is 
then considered acceptable and may be further processed. If 
the fuel clad plenum deviates from expected parameters, 
then the fuel clad is considered potentially defective and is 
rejected from further processing until expected parameters 
are achieved. 

[0023] A second end may be Welded on the fuel clad. The 
second end Welding by the upset shape Welder is then 
inspected for defects. If the fuel rod clad is free from defects, 
the fuel rod may be then incorporated into a nuclear fuel 
assembly. 

[0024] The present invention also provides the capability 
of providing di?ferent enrichments of uranium into a single 
clad, thereby alloWing the manufacturer to tailor the reac 
tivity of the fuel rod along the axial length of the completed 
fuel rod. To accomplish the placement of di?ferent enrich 
ments of uranium in a single fuel rod, pellets from di?fering 
pellet sheets containing di?ferent concentrations of ?ssile 
fuel may be added together on the vibratory table in desired 
sequences. The pellets, after passing the criteria presented 
above, are then incorporated into the fuel rod clad. 

[0025] The present invention alloWs several advantages 
over other systems for loading nuclear fuel rod clad. The 
present method and device to load nuclear fuel pellets into 
fuel clad alloWs the nuclear fuel pellets to be incorporated 
into ?lel clad in a systematic manner such that the ?lel 
pellets are loaded ef?ciently and safely. The current inven 
tion also alloWs an operator to visually check Whether or not 
the nuclear fuel pellets provided by the fuel pellet vaults 
conform to an expected design. 

[0026] The present invention also provides a con?guration 
that does not damage the fuel pellets during the manufac 
turing process of the nuclear fuel rod. The use of the 
vibratory table alloWs for the incorporation of the nuclear 
fuel pellets into the nuclear fuel clad Without unnecessary 
stress being placed on the nuclear fuel pellets. Measure 
ments of the overall length of the nuclear fuel pellet columns 
is performed through the use of a camera, thereby minimiZ 
ing contact With the uranium containing ceramic fuel pellets. 
Additionally, the rod holding tool is con?gured to hold the 
fuel clad such that damage does not occur to the fuel clad 
during loading operations. All of these systems ensure a leak 
tight and contiguous nuclear fuel rod. 

[0027] Another advantage of the present invention is that 
the camera used to measure the overall length of the nuclear 
fuel element column does not need to be continually ?ne 
tuned unlike other systems for loading nuclear fuel elements 
into cladding. The use of the camera, therefore provides for 
greater economy in the overall operation of the device 
described. The camera may also be used to supplement 
linear variable di?ferential transformer readings in order to 
more accurately provide quality measurements for the over 
all length of the nuclear fuel element columns. 

[0028] The present invention also provides for accurate 
loading of nuclear fuel alloWance into fuel clad Without 
having the draWbacks of creating a jamming condition 
throughout the segment make-up system. The elimination of 
error prone systems alloWs the present invention to operate 
Without having the signi?cant draWbacks of j amming Which 
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occurs in other systems previously used. As a consequence, 
the elimination of jamming conditions allows for continuous 
production of nuclear fuel rods With minimized doWn time. 

[0029] The present invention also eliminates the use of 
numerous overhead cranes systems to transport fuel clad 
from processing station to processing station. 

[0030] The present invention alloWs fuel clad to be loaded 
into a rod loading input queue and from this position use 
gravity during subsequent processing steps. The elimination 
of numerous lifting devices during the processing of the 
nuclear fuel clad eliminates the need for expensive mainte 
nance and repair of these systems and provides a more 
reliable system for processing of the clad. 

[0031] In the foregoing speci?cation, the invention has 
been described With reference to speci?c exemplary embodi 
ments thereof. It Will, hoWever, be evident that various 
modi?cations and changes may be made thereunto Without 
departing from the broader spirit and scope of the invention 
as set forth in the appended claims. The speci?cation and 
draWings are accordingly to be regarded in an illustrative 
rather than in a restrictive sense. 

What is claimed is: 
1. A method to insert nuclear fuel pellets into a fuel rod 

cladding element, comprising: 

providing a cladding element; 

providing at least one nuclear fuel pellet to be incorpo 
rated into the cladding tube; 

measuring a length of the at least one nuclear fuel pellet 
With a camera While the at least one nuclear fuel pellet 
is on a segment make-up table; 

comparing the length of the at least one nuclear fuel pellet 
to an expected design length; and 

incorporating the at least one nuclear fuel pellet into the 
cladding element When the measured length of the at 
least one nuclear fuel pellet is Within a threshold value 
of the expected design length. 

2. The method to insert nuclear fuel pellets into a fuel rod 
cladding element according to claim 1, further comprising: 

illuminating the at least one nuclear fuel pellet With a laser 
to visually identify if the at least one nuclear fuel pellet 
is to be incorporated into the cladding element; and 

removing any nuclear fuel pellet not illuminated by the 
laser from the segment make-up table before the step of 
measuring the length of the at least one nuclear fuel 
pellet With a camera. 

3. The method to insert nuclear fuel pellets into a fuel rod 
cladding element according to claim 1, Wherein the step of 
incorporating the at least one nuclear fuel pellet into the fuel 
rod cladding element is accomplished through vibrating a 
table upon Which the at least one nuclear fuel pellet rests 
such that the vibration causes the fuel pellet to enter into the 
nuclear fuel rod cladding. 

4. The method to insert nuclear fuel pellets into a fuel rod 
cladding element according to claim 1, Wherein the step of 
providing the at least one nuclear fuel pellet to be incorpo 
rated into the cladding element is accomplished by an 
operator manually transferring a nuclear pellet sheet from a 
fuel pellet vault to a segment make-up table. 
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5. A method to insert nuclear fuel pellets into a fuel rod 
cladding element, comprising: 

providing the fuel rod cladding element having a bar code 
on an exterior of the cladding element; 

reading the bar code on the cladding element; 

transporting the cladding element to a rod loader input 
queue; 

placing the cladding element on separator rollers, the 
separator rollers con?gured to separate the clad from 
each other; 

lifting the cladding element onto a vibration table; 

restraining the clad With a rod holding tool; 

inserting the cladding element into pellet funnels, the 
pellet funnels con?gured to accept fuel pellets and 
transport the fuel pellets into the clad; 

providing fuel pellets, the fuel pellets stored in pellet 
vaults; 

rotating the pellet vaults to a position to alloW an operator 
to manually remove a pellet sheet containing the fuel 
pellets; 

manually removing the pellet sheet from the pellet vault 
containing the nuclear fuel pellets; 

deploying a segment stop across a segment make-up table 
to receive nuclear fuel pellets; 

discharging nuclear fuel pellets from the pellet sheet onto 
the segment make-up table, the nuclear fuel pellets 
positioned against the segment stop; 

pushing the pellets on the table against the segment stop; 

illuminating a laser to visually identify Which of the 
nuclear fuel pellets should be incorporated into the 
cladding element, the laser calibrated to precisely visu 
ally indicate an expected length of a segment of nuclear 
fuel pellets to be incorporated into the cladding ele 
ment; 

manually removing nuclear fuel pellets not illuminated by 
the laser from the table; 

measuring a cumulative length of fuel pellets in roWs 
remaining on the table through the use of a camera; 

measuring the cumulative length of the fuel pellets in 
roWs on the table through the use of linear variable 
dilferential transformers; 

verifying the cumulative length of the fuel pellets to a 
design speci?cation of the fuel rod to a correct length; 

removing fuel pellets from the table Which are not veri?ed 
to the design speci?cation correct length; 

transferring fuel pellets from the table Which have been 
veri?ed to a vibratory table input queue; and 

vibratory loading the fuel pellets from the table into the 
fuel rod cladding. 

6. The method according to claim 5, further comprising: 

releasing the rod holding tool; and 

checking a plenum of the clad. 
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7. The method according to claim 6, wherein the checking 
of the plenum of the clad includes inserting a calibrated rod 
into an open end of the fuel rod clad and reading a length of 
the plenum. 

8. The method according to claim 5, further comprising: 

side lighting pellet pushing components on the segment 
make-up table prior to the step of measuring the 
cumulative length of the fuel pellets in roWs remaining 
on the table through the use of the camera. 

9. A device for loading nuclear fuel pellets into nuclear 
fuel clad, comprising: 

a fuel pellet vault to hold fuel pellet sheets; 

a segment make-up table to hold fuel pellets; 

a laser positioned to illuminate the segment make-up table 
such that an illumination range of the laser corresponds 
to segment lengths of fuel pellets to be incorporated 
into the nuclear fuel clad; 

a camera positioned to obtain data regarding an overall 
length of fuel elements positioned on the segment 
make-up table; 
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a vibratory table positioned to accept fuel pellets from the 
segment make-up table, the vibrating table vibrating 
fuel pellets into a fuel clad; 

a pellet pushing device Wherein the pellet pushing device 
is arranged to move fuel elements from the segment 
make-up table to the vibratory table; 

a computer connected to the camera, con?gured to receive 
the data from the camera and compare the data to a 
design speci?cation, the computer further con?gured to 
indicate to an operator a result of the comparison; and 

an arrangement to handle fuel clad, the arrangement 
including a rod loader device to accept fuel clad into the 
arrangement, and a feeding device to feed the fuel clad 
into a position Where the clad can accept fuel pellets 
from the vibratory table and a pellet funnel arrange 
ment to aid in the transfer of fuel pellets from the 
vibratory table into the fuel clad. 


